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Abstract A new optical fiber developed by SUMITOMO Electric
Industries is used for the transmission of the RF signal and the
revolution signal at the accumulation ring(AR). This fiber has a
thermal coefficient for delay of less than 0.4 ppm/oC, nearly 20
times less than the best coaxial hardline cable and 10 times less
than any previous optical fiber cable. The use of this fiber in
the frequency distribution system greatly improves the stability.
With a test transmission system which consists of OlE and E/O
converters and the fiber, the timing accuracy within 11 psec is
obtained over the temperature range of 10 to 35°C. The precise
timing transmission cable with six fibers was installed between
the 2.5 GeV LINAC gun room and the TRISTAN control room in April.
INTRODUCTION
the AR RF signal(508 MHz) is transmitted from the TRISTAN
room to the LINAC gun room through the temperature
coaxial cable(10 ppm/oC) of about 900 m length and
The AR revolution signal(795 KHz) is also transmitted to
the LINAC gun room through the optical fiber cable(5 ppm/oC). The
LINAC gun trigger is synchronized with the AR revolution signal within
±100 psec in timing accuracy. But due to the temperature drift of the
coaxial cable, the adjustment of beam injection phase has to be done
four or more times an year.
In order to solve this problem, a new optical fiber developed by
SUMITOMO Electric Industries was tested. In the following the
characteristics of fibers, the measurement system and the test results
are described.
CHARACTERISTICS OF FIBERS
Thermal coefficient for the transmission delay time of a new optical
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fiber is reduced to negligibly small around 20°C. The fiber is coated
with liquid crystal polymer having a negative value of thermal
expansion coefficient. It consists of a pure silica glass fiber, a
silicone resin and the liquid crystal polymer. Figure 1 shows the
temperature dependence of the transmission delay time. The fiber has a
thermal coefficient for delay of less than 0.4 ppm/oC, nearly 20 times
less than the best coaxial hardline cable and 10 times less than any
This optical fiber has the followingprevious optical fiber cable.
characteristics: 2
1. Stable transmission delay time (less than 0.4 ppm/oC),
2. Wide bandwidth (higher edge is 1 GHz or higher),
3. Low loss (0.33 dB/km),
4. Immunity to electro-magnetic interference,
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Figure 1.
PRECISE TIMING TRANSMISSION LINE
MEASUREMENT SYSTEM
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Figure 2. Test circuit diagram
Figure 2 shows the test
circuit diagram for the
measurement of the
temperature drift of the
transmission delay time
of E/O and OlE converters
and the optical fibers.
The vector voltmeter(HP
8508A) measures the peak
to peak time interval
between E/O input signal



























Figure 3. The circuit for the measurement of the timing accuracy
The precise timing transmission cable with six fibers was
installed between the 2.5 GeV LINAC gun room and the TRISTAN control
room in April. Figure 3 shows a set-up to investigate the timing
accuracy of the transmission lines installed between the 2.5 GeV Linac
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gun room and the TRISTAN control room. The band-pass filter (508 MHz±
10 MHz) is used in order to reject the thermal noise(Johnson noise)
induced by the resistor included in the OlE converter. A Tektronix
11802 oscilloscope is used to measure the timing jitter and the
temperature drift of the transmission delay time. The E/O converter
has a laser diode with a light emission of 1.3 ~ and it is carefully
installed in the input circuit. The OlE converter has a pin-diode
which is sensitive to a 1.3 ~ light and is skillfully prepared in the
output circuit.
RESULTS
Results obtained by using the test circuit are shown in fugure 1 and
figure 4. Figure 4 shows the relative temperature drift of the
transmission delay time of E/O and OlE converters to the standard of
RF phase at 10°C. The drift due to the optical fiber is negligible.
Figure 4 shows that the timing accuracy within 11 psec is obtained
over the temperature range of 10 to 35°C. Oscilloscope photographs in
figure 5 show the timing jitter measured with the set-up shown in the
figure 3. The photographs are the accumulation of 1024 data stored by
the envelope mode of the Tektronix 11802. The full width of the timing
jitter is 18 psec.
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Figure 4. The relative temperature drift of the delay time of E/O
and OlE converters
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Figure 5. The oscilloscope photographs showing the timing jitter.
Horizontal and vertical scales are 200 psec/div and 200
mV/div in the left picture, and 10 psec/div and 2 mV/div
in the right picture, respectively.
CONCLUSIONS
The precision of the new transmission line, which is degraded by the
thermal noise, is less than ±20 psec over the temperature range of 10
to 35°C. If the OlE converter, the bandpass filter and RF amplifier
are installed in the thermoregulator and cooled, we can expect to
obtain the precision less than ±10 psec.
Application of this optical fiber to phase locked loop (PLL)
between two damping rings (main compressors) for a linear collider
will give the stability of the longitudinal collision point within ±3
mm. Especially, the use of this fiber in the RF reference distribution
over many kilometers will greatly improve the RF phase stability.
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